POWER CONVERTER 



BACKGROUND OF THE INVENTION 

The present invention relates to a power 
converter using at least a semiconductor switching 
device . 

In recent years , a power converter comprising 
a high-speed semiconductor switching device such as an 
insulated gate bipolar transistor (IGBT) has come to 
find wide applications. A large -capacity power 
converter, due to a large conduction current thereof, 
employs a large -capacity semiconductor switching 
device, sometimes in a set of several units in series 
or in parallel. In order to suppress the surge voltage 
at the time of switching, the inductance of the main 
circuit wiring is required to be reduced. For this 
purpose, the length of the conductor is decreased as 
far as possible or the width of the conductor is 
increased as far as possible using a tabular conductor. 
Further, an insulating material is often held between 
wide thin-plate conductors as a laminate conductor. 

In a drive circuit for generating a control 
signal to control the on-off operation of the 
semiconductor switching device using an IGBT, for 
example, a predetermined voltage is applied between 
gate and emitter for the turn-on operation and a 
voltage is removed or a reverse voltage is applied for 
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the turn-off operation. The gate-emitter voltage is 
controlled by performing the charge/discharge operation 
between gate and emitter through a gate resistor from a 
power supply included in the gate driver circuit. In 
5 the case where the gate wiring is located in the 

neighborhood of a main circuit conductor, the switching 
operation is affected by the magnetic field 
fluctuations due to the change in the main circuit 
current , with the result that a current imbalance 
Ci 10 between the switching elements connected in parallel or 

^ = J 

1} a malfunction is caused, sometimes leading to the 

i.fi 

tfl breakage of the semiconductor switching device. 

m 

.1: In the power converter disclosed in JP-A-9- 

« 261948, for example, the gate wirings of two IGBTs 

: : I 

!*[ 15 connected in parallel are arranged adjacently to the 

2; respective main circuit wiring to make a uniform effect 

that the current flowing in the main circuit conductor 
has on the gate wirings and thereby to suppress the 
imbalance between the IGBTs in parallel. 
20 In the semiconductor stack described in JP-A- 

7-170723, on the other hand, a gate resistor is mounted 
on the bent portion of an end of each insulating plate 
making up a laminate conductor. In this way, the area 
of the loop formed by the gate wiring is reduced to 
25 alleviate the effect of the main circuit current. 

In the former example, the use of a main 
circuit wiring made up of a tabular conductor to reduce 
the inductance of the main circuit wiring makes it 
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difficult to form a structure in which the gate wirings 
are affected uniformly by each of the elements 
connected in parallel. As long as the IGBT module has 
a structure symmetric about a line, this requirement 
5 can be met by arranging the gate wiring at symmetric 
positions. Nevertheless, the IGBT module terminals are 
often asymmetric, and a structure symmetric about a 
line is difficult to construct. As a result, it is 
difficult for the gate wirings to be uniformly 
10 affected, resulting in an unbalanced current. 

The latter example, on the other hand, 
requires the step of bending an insulating plate, which 
makes the fabrication difficult probably with an 
increased cost. Also, in the case where a main circuit 
15 wiring formed of a tabular conductor is used to reduce 
the inductance of the main circuit, the gate terminals 
of the IGBT may enter the wiring area of the main 
circuit. In such a case, the gate wiring are affected 
by the main circuit current . 

20 SUMMARY OF THE INVENTION 

The object of the present invention is to 
provide a power converter, comprising a main circuit 
wiring including a tabular conductor, that can reduce 
the effect of the main circuit current on the control 
25 signal wiring. 

One means for solving the aforementioned 
problem is described below. 



The control signal line for supplying a 
control signal to the control terminal of a 
semiconductor switching device includes the following 
portions defined based on the positional relation with 
the main circuit wiring and the main circuit current. 
They are that portion of the control signal line which 
is in opposite relation to an area of the main circuit 
wiring where a main circuit current flows and a 
plurality of tabular conductors are in superposed 
relation to each other, that portion of the control 
signal line which is in opposite relation to an area of 
the main circuit wiring where no main circuit current 
flows, and that portion of the control signal line 
located outside an end of the main circuit wiring. The 
sum of the lengths of the wiring of these portions is 
rendered substantially equal to the total wiring length 
of the control signal line . 

The aforementioned means can suppress the 
effect of the main circuit current on substantially the 
whole control signal wiring. As a result, the 
malfunction of the semiconductor switching device can 
be prevented. Also, in the case where a plurality of 
semiconductor switching devices are electrically 
connected to each other, the imbalance of the control 
signals and the shift of the switch timing among the 
semiconductor switching devices can be prevented. 

Another means for solving the problem is 
described below. 
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In the case where the control signal line 
passes in the vicinity of an end portion of the main 
circuit wiring, i.e. in the case where the control 
signal line crosses an end of the area of the main 
5 circuit wiring where the main circuit current flows, 
between the side of the main circuit wiring where a 
semiconductor switching device is located and the 
opposite side thereof, an arrangement is made so that 

□ the control signal line crosses an end of the area of 

i~l 

Ji 10 the main circuit wiring where a plurality of tabular 

?% 

j\ conductors are in superposed relation with each other 
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As a result , even at a place in the vicinity 
of an end portion of a tabular conductor of the main 
circuit wiring which is otherwise easily affected by 
15 the main circuit current, the effect of the main 

circuit current on the control signal line is relaxed 
and the malfunction of the semiconductor switching 
device can be prevented. 

Each means described above is applicable to 
20 various power converters including the inverter, 

converter, semiconductor valve and various switching 
power supplies . 

Also, various semiconductor devices can be 
employed as a semiconductor switching device, such as 
25 the IGBT, MOSFET (metal oxide field effect transistor), 
GTO (gate turn off thyristor) and a switching module, 
including any of these devices and other electric or 
electronic devices accommodated in a container. 
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According to this invention, there can be 
realized a highly reliable power converter using a main 
circuit wiring including a tabular conductor, which can 
operate in stable fashion while suppressing the effect 
5 of the main circuit current on the control signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A and IB show a mounting structure 
according to a first embodiment of the invention. 

Fig. 2 is a diagram for explaining a gate 
10 wiring according to the first embodiment of the 
invention. 

Figs. 3A to 3F show a semiconductor circuit 
according to the first embodiment of the invention, in 
which Figs. 3B, 3D and 3F are sectional views of the 
15 members of the semiconductor circuit shown in Figs. 3A, 
3C and 3E, respectively. 

Fig. 4 shows a semiconductor circuit 
according to the first embodiment. 

Fig. 5 shows two switching modules connected 
20 in parallel each other according to the first 
embodiment of the invention. 

Fig. 6 shows a general structure of a gate 
resistance board. 

Figs. 7A and 7B show a second embodiment of 
25 _the invent io_n_. _ 

Figs . 8A and 8B show a third embodiment of 
the invention. 
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Fig. 9 shows a gate wiring mounting according 
to the third embodiment of the invention. 



DESCRIPTION OF THE EMBODIMENTS 

Embodiments of the invention will be 
5 explained below with reference to the drawings. These 
embodiments refer to a case employing a switching 
module having built therein an IGBT making up a 
y s semiconductor switching element and a freewheeling 

S{ diode connected in antiparallel to the IGBT. 

"t\ 10 Nevertheless, other switching elements than the IGBT 

!*( can be used with equal effect . 

I_l : 

4 s Fig. 4 shows a semiconductor circuit of an 

CJ inverter portion of a three-phase power converter 

h= according to a first embodiment of the invention. This 

•iii-J 

Q 15 circuit supplies the desired three-phase power to AC 

output terminals 6U to 6W by turning on/off switching 
modules 1U to 2W with a smoothing capacitor 7 as a DC 
power supply. A positive- side tabular conductor 3 
connected to the positive electrode of the smoothing 

20 capacitor 7 is connected to the positive terminals of 
the positive- side switching modules 1U to 1W of the 
respective phases through conductors 3U to 3W, 
respectively. In each phase, the negative terminals of 
the positive- side switching modules 1U to 1W, the 

25 positive terminals of the negative- side switching- 
modules 2U to 2W and the AC output terminals 6U to 6W 
are connected to each other by intermediate tabular 



conductors 5U to 5W, respectively. The negative 
terminals of the negative- side switching modules 2U to 
2W of each phase are connected to the negative terminal 
of the smoothing capacitor 7 through the negative- side 
5 tabular conductors 4U to 4W, respectively. In Fig. 4, 
the gate circuit for driving each switching module is 
not shown . Neither a snubber circuit connected as 
required is shown. 

In the power converter shown in Fig. 4, a 

10 plurality of switching modules including the 
corresponding ones of the modules 1U to 2W are 
connected in parallel for each phase in order to 
increase the current involved. 

Fig. 5 shows a circuit corresponding to the 

15 circuit of Fig. 4, in which two switching modules are 
connected in parallel for each phase. The positive- 
side switching modules 1A and IB are connected in 
parallel to each other, and so are the negative -side 
switching modules 2A and 2B. A positive-side tabular 

20 conductor 30, a negative-side tabular conductor 40 and 
an AC output tabular conductor 60, though shown to the 
left in Fig. 5, are mounted in such a manner as to 
assure a uniform inductance of the switching modules 
connected in parallel. The positive-side switching 

25 modules 1A and IB are driven by a common gate drive 
circuit board 8 through gate resistors 901 and gate 
wirings 81 mounted on the gate resistor boards 91A and 
91B, respectively. Similarly, the negative-side 



switching modules 2A and 2B are driven by the common 
gate drive circuit 8 through gate resistors 901 and 
gate wirings 82 mounted on the gate resistor boards 9 2A 
and 92B, respectively. Although the gates of the 
5 positive-side switching modules 1A, IB and the gates of 
the negative -side switching modules 2A, 2B are shown to 
be driven by the common gate drive circuit board 8, the 
circuits are independent of each other. Separate 
boards can also be used. The switching modules 

10 connected in parallel, however, employ a common gate 

drive circuit, since individual differences of the gate 
drive circuits develop an imbalance. 

Fig. 6 shows a general structure of the gate 
resistor boards 91A to 92B. Specifically, a gate 

15 resistor 901 and wiring connectors 902, 903 are mounted 
on a printed board 9. The efficiency of the wiring 
work can be improved by use of a removable connector 
for connecting the gate wirings and the printed board. 
A simplest example of the gate resistor 901 is shown. 

20 Alternatively, a plurality of gate resistors may be 
employed in accordance with the capacity, or if 
required, the gate resistor 901 can be combined with a 
diode to change the resistance value of the gate 
circuit by turning on/off. The IGBT is liable to be 

25 broken if a voltage exceeding a predetermined level 

(generally, about 20 V) is applied to the gate terminal 
and the emitter terminal. To suppress an overvoltage , 
therefore, a zener diode 904 is mounted on the gate 
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resistor board 9. 

Figs. 1A and IB show a mounting structure of 
the circuit configuration shown in Fig, 5. In this 
case, the detailed construction of the terminals and 
5 the connectors and screws are abbreviated or not shown. 
In Figs. 1A and IB, four IGBT modules 1A to 2B are 
mounted on a heat sink 100. This embodiment employs a 
heat sink of heat pipe type, in which the heat 
generated in the IGBT modules is transported upward by 

10 the pipes in the heat sink 100 and cooled by cooling 
fans 101, 102 of a radiation unit. The heat sink 100 
is set in a vertical position, and a smoothing 
capacitor, not shown, is arranged thereunder. The heat 
sink 100 and the cooling fans 101, 102 are supported by 

15 support members 120, 121. Although the cooling fans 
are shown only on one side (right side in the shown 
case), provision of additional fans on the opposite 
side (left side in the shown case) can improve the 
cooling performance. 

20 The gate drive circuit 8 is arranged at a 

position not in superposed relation with the IGBT 
modules 1A to 2B and the tabular conductors 30, 40, 50, 
60 (in the drawing) making up the main circuit wirings, 
and mounted on a support member 105. The arrangement 

2 5 of the gate drive circuit 8 at a distance from the main 
.circuit wirings can suppress the ef fects, such _as_ the.. _ 
induction caused by the main circuit current on the one 
hand and the temperature increase which otherwise might 
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be caused by the heat generated in the IGBT modules on 
the other hand. Figs. 1A and IB show that the gate 
drive circuit 8 is located above the IGBT modules which 
generate heat. Due to the cooling effect of the fans 
5 101, 102, however, the temperature rise in the 

neighborhood of the gate drive circuit 8 by convection 
can be reduced. 

The collector terminals of the positive-side 
IGBT modules 1A and IB are connected with the positive- 

10 side tabular conductor 30. The emitter terminals of 
the positive- side IGBT modules 1A, IB are connected 
with the collector terminals of the negative- side IGBT 
modules 2A, 2B through the intermediate tabular 
conductor 50. The intermediate tabular conductor 50 is 

15 integrated with the AC output tabular conductor 60. As 
shown in Figs. 3A to 3F, the positive- side tabular 
conductor 30, the intermediate tabular conductor 50 and 
the negative- side tabular conductor 40 are separated 
from each other. Nevertheless, they can be configured 

20 as a laminate conductor making up an integrated 

structure through an insulating material. In Figs. 1A 
and IB, the insulating plate between the conductors is 
not shown. The surge voltage at the time of switching 
the IGBT modules is affected by the inductance of a 

25 loop circuit configured of the positive- and negative- 

_ _ ... side. IGBTs and the .smoothing capacitor. 7 not .shown. A 
current flows in vertical direction in Figs. 1A, IB. 
This current constitutes a reciprocating current 



between the negative -side tabular conductor 40 and the 
intermediate tabular conductor 50 located in the 
vicinity of the IGBT modules on the one hand and the 
positive- side tabular conductor 30 covered on the 
5 conductors 40, 50 on the other hand, thereby reducing 
the inductance. In Figs. 1A, IB, the large width 
covering the IGBT modules 2A, 2B reduces the inductance 
further. 

The gate resistance boards 91A to 92B are 

10 arranged adjacently to the IGBT modules 1A to 2B, 

respectively, at positions not in superposed relation 

with the main circuit wirings configured of the tabular 

conductors 30, 40, 50 and 60. As a result, the wirings 

812A to 822B between the gate resistors 901 (Fig. 6) 

15 and the IGBT modules 1A to 2B are not extremely long. 

Also, the connectors 902, 903 (Fig. 6) of the gate 

resistance boards do not interfere with the tabular 

conductors of the main circuit wirings, and therefore 

the gate wirings can be connected easily. Further, in 

20 view of the fact that the gate resistors are connected 

at portions nearer to the IGBT modules than to the 

diverging points of the gate wirings, the induction 

current which otherwise might give rise to the 

unbalance between the parallel circuits is reduced. 

25 The shown position of the gate resistor boards 91A to 

♦ 

- 92B is only an example, and, though not shown, the 
resistor boards 91A to 92B can be mounted at any other 
position where bolts for mounting them are out of 
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contact with the heat pipe in the heat sink. Also, the 
gate resistor boards 91A to 9 2B, which are mounted on 
the heat sink 100 in this embodiment, can alternatively 
be mounted on the support member 105 or 120, 121. 
5 As understood from Figs. 1A, IB, no parts are 

arranged on the surface of the main circuit wirings 
configured of the tabular conductors 30, 40, 50, 60, 
and therefore the work of mounting/demounting the 
conductors can be carried out easily. 
10 The control signal lines (gate wirings) for 

driving the gates will be explained with reference to 
Fig. 2. 

Fig. 2 shows the state in which the 
conductors shown by dashed lines are removed in the 

15 configuration of Figs. 1A, IB. The support members 
120, 121 and the cooling fans 101, 102 are not shown 
either. The gate wiring 81 connected to the gate drive 
circuit 8 branches midway into wirings 811A and 81 IB, 
each connected to one of the connectors of each of the 

20 gate resistor boards 91A and 9 IB, respectively. The 
gate wirings 812A and 812B connected to the other 
connector of each of the gate resistor boards 91A and 
9 IB are connected to the gate terminals of the IGBT 
modules 1A and IB, respectively. The gate wirings 811A 

2 5 and 81 IB have substantially the same length, and hence, 
substantially the same impedance. This is also the 
case with the gate wirings 812A and 812B which have 
substantially the same length, and hence substantially 
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the same impedance. The diverging point of the gate 
wiring 81 where it branches into the wirings 81 1A and 
811B can be actually formed by pressure bonding or 
soldering. In similar fashion, the gate wiring 82 
5 connected to the gate drive circuit 8 branches into 

gate wirings 821A and 821B, which are connected to gate 
wirings 822A and 822B, respectively, through the gate 
resistor boards 92A and 92B, and then further to the 
gate terminals of the IGBT modules 2A and 2B. 

10 In Figs. 1A, IB and 2, the gate wirings on 

the gate and emitter sides are twisted to suppress the 
induction by the main circuit current. Also, the gate 
wirings 811A, 81 IB, 812A and 812B for driving the 
positive- side IGBT modules 1A, IB are laid at positions 

15 distant from the tabular conductors 30, 40 and 50 
thereby to reduce the effect of the main circuit 
current. Specifically, the entire length of the gate 
wirings (the set of the gate wirings 811A, 812A and the 
set of the gate wirings 81 IB, 812B) for supplying the 

20 gate terminals of the IGBT modules 1A, IB with the gate 
control signal generated in the gate drive circuit 8, 
is located outside the outer peripheral end portion of 
the main circuit wiring having the tabular conductors 
30 to 60. More specifically, the gate wirings 811A, 

25 812A, 811B, 812B are distant from the area of the main 
circuit wiring where the main circuit current flows . 
As a result, the gate wirings 811A, 812A, 811B, 812B 
are hardly affected by the main circuit current, so 
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that the gate control signal to the IGBT modules 1A, IB 
is prevented from being unbalanced. 

On the other hand, the gate terminals of the 
negative- side IGBT modules 2A, 2B are covered by the 
5 negative-side tabular conductor 40 and the positive- 
side tabular conductor 30, respectively. The gate 
wirings 822A, 822B are arranged in an area of the 
negative- side tabular conductor 40 nearer to the IGBT 
modules where the negative- side tabular conductors 40 

10 and the positive- side tabular conductor 30 are in 

superposed relation with each other at a short distance 
from each other. Specifically, the igate wirings 822A, 
8 2 2B have a portion opposite to an area where the 
tabular conductor 40 and the tabular conductor 30 are 

15 in superposed relation with each other. In view of the 
fact that a reciprocating current flows in the area 
where the conductors 40 and 30 are in superposed 
relation with each other, the magnetic field extending 
outside is offset. Thus, the gate wirings 822A, 822B 

20 are less affected by the main circuit current. Also, 
the gate wiring 82 connected to the gate drive circuit 
8 branches into the gate wiring 821A connected to the 
gate resistance board 92A and the gate wiring 821B 
connected to the gate resistance board 92B, which cross 

25 an area in superposed relation with the main circuit 
wiring. These gate wirings . 821A, 82 IB, as shown, in 
Fig. 2, have a portion opposite to an area where the 
intermediate tabular conductor 50 and the positive- side 
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tabular conductor 30 are in superposed relation with 
each other. The gate wirings 821A, 821B are thus 
arranged between this area and the surface of the heat 
sink. 

5 The gate wirings 821A, 821B, 822A, 822B 

leading from the gate drive circuit 8 to the gate 
terminals of the IGBT modules 2A, 2B # as described 
above, each have a portion opposite to an area where 
the tabular conductors are in superposed relation with 

10 each other. The portions of the gate wirings in the 
vicinity of the gate resistance boards 92A, 92B, 
however, are located at a position distant from the 
conductors, i.e. outside the outer peripheral end of 
the main circuit wiring. Therefore, the total length 

15 of each gate wiring (the set of the gate wirings 821A, 
821B and the set of the gate wirings 822A, 822B) is 
represented by the sum of the length of a portion in 
opposite relation to an area of the main circuit wiring 
where the tabular conductors are in superposed relation 

20 with each other and the reciprocating current flows and 
the length of a portion located outside the end of the 
main circuit wiring at a distance from the main circuit 
current. As a result, like in the IGBT modules 1A, IB, 
the gate control signal to the IGBT modules 2A, 2B is 

2 5 prevented from becoming unbalanced by the effect of the 
main circuit, current . _ . . 

In the case where the sum of the length of 
the portion of the gate wiring in opposite relation to 



an area of the main circuit wiring where the main 
circuit current flows and a plurality of tabular 
conductors are in superposed relation with each other 
and the length of the portion of the gate wiring 
5 located outside an end of the main circuit wiring 

represents at least 60% or preferably at least 80% of 
the total length of the gate wiring, the imbalance of 
the gate control signal can be prevented in the same 
manner as if the sum of the length of the two portions 
10 substantially represents the total length of the gate 
wiring . 

According to this embodiment, the whole 
length of the gate wiring from the gate drive circuit 8 
to the diverging point of the gate wiring is also 

15 represented by the sum of the length of the portion 

opposite to an area where the tabular conductors are in 
superposed relation with each other and the length of 
the portion located outside an end of the main circuit 
wiring. Therefore, the gate control signal is 

20 prevented from receiving a noise and causing a 

switching error of the IGBTs under the effect of the 
main circuit current . 

Even in the case where a part of the gate 
wiring (not more than 20 to 40% of the whole) is in 

25 opposite relation to only one tabular conductor of the 
main circuit wiring where the main circuit current 
flows, the effect of the main circuit current can be 
reduced by forming the gate wiring of a twisted wire or 
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a shielded wire. The diverging point of the gate 
wiring and the junction with a circuit portion such as 
the gate terminal which are easily affected by the main 
circuit current, however, are desirably opposite to an 
5 area where the tabular conductors are in superposed 
relation with each other as described above. 

According to this embodiment , the gate 
control signals of the IGBT modules (1A, IB and 2A, 2B) 
connected in parallel to each other can be prevented 

10 from becoming unbalanced under the effect of the main 

circuit current. Thus, a uniform switching rate can be 
achieved for the IGBT modules connected in parallel, 
and therefore a large current can be switched. Also, 
the noise due to the effect of the main circuit current 

15 on the gate control signals of the IGBT modules (1A, 
2A, and IB, 2B) connected in series to each other can 
be suppressed, and therefore the switching operation at 
an erroneous timing can be prevented, thereby making it 
possible to avoid an abnormal operation such as the arm 

20 shorting. The number of parallel circuits or series 
circuits is not limited to two as in this embodiment, 
but may be three or more. According to this 
embodiment, a uniform parallel operation is attained, 
and the timing of the series operation is stable for 

25 one AC phase. Therefore, a highly reliable, large 

power inverter device can be realized.. This embodiment 
is applicable to various power converters (converter, 
inverter, semiconductor valve, switching power supply, 
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etc.) constituted of a semiconductor circuit including 
a serial-parallel circuit of semiconductor switching 
devices . 

The gate wiring may have a portion opposite 
5 to an area of the main circuit wiring where no main 
circuit current flows . Such a portion is not affected 
by the main circuit current even if opposite to a 
tabular conductor. Also, the area where the tabular 
conductors are in superposed relation with each other 

10 is not limited to an area where the reciprocating 

current flows but may include an area where the main 
circuit current flows in one tabular conductor and no 
main current flows in the other tabular conductor which 
is floated or has a fixed potential (the ground 

15 potential, for example) . This is by reason of the fact 
that the change in the main circuit current in one 
tabular conductor causes an induction current to flow 
in the other tabular conductor, resulting in the same 
effect of offsetting the external magnetic field as the 

20 reciprocating current. For this reason, the same 
effect as in the aforementioned embodiment can be 
achieved as long as the sum of the length of the 
portion of the gate wiring in opposite relation to an 
area of the main circuit wiring where the main circuit 

25 current flows and a plurality of tabular conductors are 
in superposed relation with each other, the length of 
the gate wiring portion in opposite relation to an area 
of the main circuit wiring where no main circuit 
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current flows and the length of the gate wiring portion 
located outside an end of the main circuit wiring, is 
not less than 60 to 80% of the total gate wiring 
length, that is to say, substantially equal to the 
5 total gate wiring length. 

A part of the gate wiring 82 extending from 
the gate drive circuit 8 to the diverging point of the 
gate wiring is laid in the range between the heat sink 
side and the opposite side to the conductors, and the 

10 part of the gate wiring 82 crosses at a portion of an 
area where the tabular conductors 30, 50 are in 
superposed and opposite relation with each other, in a 
boundary surface between the heat sink side and the 
opposite side. Specifically, between the side of the 

15 main circuit wiring where the IGBT modules are located 
and the opposite side (above the tabular conductors), 
the gate wiring crosses an end of the area of the main 
circuit wiring where the tabular conductors 30, 50 are 
in superposed relation with each other. As a result, 

20 the effect of the main circuit current on the gate 

wiring 82 can be suppressed. Also, the gate wiring 82 
passes through an area distant from the conductor end, 
and therefore the effect of the main circuit current 
can be reduced further. 

25 The gate wiring, if moved, develops a contact 

failure at the connectors or causes an_ induction 
current, and is fixed by a gate fixing tool 800 shown 
in Figs. 1A, IB at a position not in superposed 
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relation with the main circuit wiring. The work of 
fixing the wiring, therefore, is easy, and the stacked 
conductors can be removed while keeping the gate wiring 
fixed. The shown fixing tool 800 can be located at 
5 other than the shown place, and the structure thereof 
is illustrated in simplistic fashion. Normally, a band 
or the like composed of an insulating material is used 
as a fixing tool. 

Figs. 3A to 3F show the shapes of the 

10 positive-side tabular conductor 30, the negative-side 
tabular conductor 40, the intermediate tabular 
conductor 50 and the AC output terminal 60. This 
example assumes an IGBT having a rated maximum voltage 
of 1200 V and a rated maximum current of 1000 A with a 

15 terminal structure shown in Fig. 2. The terminal 

positions of the IGBT modules are not symmetric. In 
the case where the modules are aligned as shown in Fig. 
2, therefore, the tabular conductors are arranged 
asymmetrically as shown in Figs. 3A to 3F. The share 

20 of the current at the time of switching is unbalanced 
if the inductance of each circuit connected in parallel 
lacks uniformity. With the conductor shape shown in 
Figs. 3A to 3F, therefore, the IGBT 1A (left side) 
connector is thinner than the IGBT IB (right side) 

25 connector at the terminal portion of the positive-side 
tabular conductor 30 connected with the IGBTs . 
Nevertheless, the inductance increases by only about 
5%. 
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The IGBT module terminals 1A, IB and 2A, 2B 
connected In parallel cannot be arranged symmetrically. 
Therefore, the positive-side tabular conductor 30, the 
negative-side tabular conductor 40, the intermediate 
5 tabular conductor 50 and the AC output terminal 60 are 
also asymmetric in shape. So are the gate wirings 
812A, 812B and 822A, 822B. Once the terminals can be 
arranged symmetrically, however, the conductors and the 
gate wirings can also be laid symmetrically. 
CJ 10 A second embodiment of the invention is shown 

■A in Figs. 7A, 7B and represents a case in which the gate 

ii drive circuit 8 and the fans 101, 102 are located at 

: |: different positions than in Figs. 1A, IB. In Figs. 1A, 

~l IB, the air passing through the radiation unit of the 

15 heat sink is transverse in Fig. 1A, and perpendicular 
5? to the page in Fig. IB. In Figs. 7A, 7B, in contrast, 

11 the direction of air flow is perpendicular to the page 

in Fig. 7A, and transverse in Fig. 7B. Since the 
length of the radiation unit parallel to the air flow 
20 is short, the pressure loss is smaller for an improved 
cooling performance . 

A third embodiment of the invention is shown 
in Figs. 8A, 8B. In a three-phase inverter 
constituting the embodiment shown in Figs. 8A, 8B, 
25 positive-side IGBT modules 1U to 1W and the negative- 
side IGBT modules 215 to 2W are mounted on a_heat sink 
110. Fig. 8A is a top plan view, and Fig. 8B a side 
view of the inverter. In the shown case, the heat sink 
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110 is of forced air cooled type, and cooled by cooling 
fans 101 to 103 without using any refrigerant. The 
positive-side IGBT modules 1U to 1W are mounted at 
positions near to the smooth capacitor 7 not shown. 
5 Also in this case, the positive-side tabular conductor 
3 and the negative -side tabular conductor 4 are stacked 
one on the other, and so are the intermediate tabular 
conductors 5U to 5W and the negative- side tabular 
conductor 4. The AC output terminals 6U to 6W, on the 

10 other hand, are led out by conductors from the emitter 
terminals of the positive-side IGBT modules. 

Fig. 9 is a perspective view, with the 
positive-side tabular conductor 3, the negative-side 
tabular conductor 4 and the intermediate tabular 

15 conductor 5 indicated by dashed lines, and with the 
gate wiring mounted in the structure of Figs. 8A, 8B. 
The IGBT modules 1U to 2W are connected to the gate 
drive circuit 8 through the gate wirings 81U to 82W, 
respectively. Though not shown accurately in geometric 

20 fashion in Figs. 8A, 8B and 9, the gate wirings are 
fixed on the heat sink 110 by the wire fixing means 
800. In this case, the gate wirings 82U to 82W of the 
negative- side IGBT modules are laid at a distance from 
the main circuit wiring thereby to suppress the effect 

25 of the main circuit current. As to the positive-side 
IGBT modules, on the other hand, the IGBT module 1U is 
arranged under the portion where the intermediate 
tabular conductor 5U and the negative- side tabular 
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conductor 4 are stacked. Similarly, the IGBT module 1W 
is arranged under the portion where the intermediate 
tabular conductor 5W and the negative- side tabular 
conductor 4 are stacked. The IGBT module IV, on the 
5 other hand, is passed under the portion where no 

conductors are stacked, between the portion where the 
intermediate tabular conductor 5V and the negative- side 
tabular conductor 4 are in opposite relation to each 
other and the portion where the intermediate tabular 

10 conductor 5W and the negative-side tabular conductor 4 
are in opposite relation to each other. However, while 
the main current flows vertically in Fig. 9, the gate 
wiring 82V is arranged transversely, thereby reducing 
the effect of the main circuit current. 

15 In the embodiment shown in Figs. 8A, 8B and 

9, the whole length of the gate wirings 82U, 82V, 82W 
leading from the gate drive circuit 8 to the gate 
terminals of the IGBT modules 2U, 2V, 2W is located 
outside the outer peripheral end portion of the main 

20 circuit wiring including the tabular conductors 4, 5U, 
5V, 5W. Specifically, in view of the fact that the 
gate wirings 82U, 82V, 82W are arranged at a distance 
from the area where the main circuit current flows, the 
noise due to the effect of the main circuit current is 

25 reduced. The total length of each of the gate wirings 
- - 81U, 81W -extending- from- the- gate- drive circuit 8- to the 
IGBT modules 1U, 1W is represented by the sum of the 
length of the portion located outside an end of the 
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main circuit wiring at a distance from the main circuit 
current, and the length of the portion in opposite 
relation to an area of the main circuit wiring where 
the tabular conductors 4, 5U, 5W are in superposed 
5 relation with each other and the reciprocating current 
flows. As a result, the gate wirings 81U, 81W are 
hardly affected by the main circuit current. At least 
60 to 80% of the total length, i.e. substantially the 
total length of the gate wiring 81V is represented by 

;J 10 the sum of the length of the portion located outside an 

CI 

% 2 end of the main circuit wiring at a distance from the 

; Il main circuit current, the length of the portion in 

■11 opposite relation to an area of the main circuit wiring 

rj where the tabular conductors 4 and 5V are in superposed 

lI 15 relation with each other and the reciprocating current 

5"{ flows, and the length of the portion opposite to an 

ly area provided with only the tabular conductor 4. Thus, 

the noise that the gate control signal applied to the 
IGBT module IV receives from the main circuit current 
20 is reduced. The portion representing 20 to 40% of the 
gate wiring 81V is in opposite relation to the area 
provided only with the tabular conductor 4 in which the 
main circuit current flows. Since the particular 
portion is twisted, however, the effect of the main 
25 circuit current flowing in the tabular conductor 4 on 
the gate wiring is relaxed. 

According to the embodiment shown in Figs. 
8A, 8B, 9, the IGBT modules (1U, 2U; IV, 2V; and 1W, 
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2W) connected in series for one phase are prevented 
from the erroneous switching operation caused by the 
main circuit current. Thus, the abnormal operation 
such as the arm shorting is prevented. Further, the 
5 gate control signal is not easily affected by the noise 
from the main circuit current, and therefore the 
switching operation of the IGBT modules at normal 
timing is maintained. As a result, the operation of 
the inverter as a whole is stabilized. As in the 

10 embodiments described above, the gate wiring may be 

composed of a shielded wire instead of a twisted wire. 
Also, this embodiment is applicable also to other power 
converters than the inverter with equal effect. 

It should be further understood by those 

15 skilled in the art that the foregoing description has 
been made on embodiments of the invention and that 
various changes and modifications may be made in the 
invention without departing from the spirit of the 
invention and scope of the appended claims. 



